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CHANGE OF EDITORSHIP

Willi this issue. John E. Fitch of the Marine Re-
sources Branch assumes the duties of Editor-in-Chief

of California Fish and Game.
Mr. Fitch's assumption of the editorship follows

the department's policy of rotating the editorship of

its quarterly technical journal between staff members
representing Marine Resources, Inland Fisheries and
Game Management.
For eight years Mr. Fitch, whose position is Marine

Biologist IV. has served as Editor for Marine Ke-
s< mi lees with the publication. Through this service he
has gained a knowledge of the policies and procedures
of t he journal.

.Mr. Fitch will be ably assisted in his duties by four
associate editors. David P. Borgeson will be the repre-

sentative for Inland Fisheries, Albert E. Naylor for

Game Management, John L. Baxter for Marine Re-
sources, and Donald H. Fry, Jr., for salmon and
steelhead.

To Mr. Carol M. Ferrel, Editor-in-Chief the past

four years, we wish to express our appreciation for a

job well done.

—

Walter T. Shannon, Director, Califor-

iihi Department of Fish and Game.



CATCH RECORDS FROM THE STRIPED BASS
SPORTFISHERY IN CALIFORNIA 1

HAROLD K. CHADWICK
Inland Fisheries Branch

California Department of Fish and Game

INTRODUCTION

Catch records, so important in evaluating the status of a fish popula-
tion, are difficult to obtain for most large sportfisheries. However,
California is fortunate in having catch records from two sources that

have been collected since the late 1930 's on its important striped bass

(Roccus saxatilis) fishery.

The more accurate of these records are party boat reports—party
boats being boats on which anglers pay to be taken out fishing. Since

1936, a State law has required the skippers of these boats to keep
records of the catches made during each trip and to submit them
monthly to the California Department of Fish and Game. Calhoun
(1949) analyzed these catch records for the period 1938 through 1948.

The 1949-1959 catch records are analyzed in this report.

The second source of catch records are postal card surveys. These
consist of questionnaires sent out to a random sample of angling li-

cense buyers, asking them to estimate and report their fish catches for

the previous year. Postal card surveys have been made for 16 of the

years between 1936 and 1959, and the results have been published else-

where (Calhoun, 1950, 1951, 1953; Skinner, 1955; Ryan, 1959; Thar-
ratt, ms.).

These catch records are the only available means for determining
trends in population size and age structure over the whole period. This

information is essential to managing and regulating the fishery.

GENERAL DISCUSSION OF PARTY BOAT OPERATIONS

The only areas in California where party boats are engaged primarily

in striped bass fishing are the Sacramento-San Joaquin Delta and the

San Francisco Bay (Figure 1). Since striped bass are migratory, fish-

ing in each locality is seasonal. A few party boats follow the bass from
area to area, but most boats remain in one locality and operate only

during the seasons when bass are present.

There have been appreciable annual fluctuations but no general trend

in the amount of reported party boat fishing since 1938. This is indi-

cated by the fact that the mean number of angler days reported per

year for eight nonwar years between 1938 and 1948 was 15,913 (Cal-

1 Submitted for publication December, 1961. This work was performed as part of
Dingell-Johnson Project California P-9-R, "A Study of Sturgeon and Striped
Bass," supported by Federal Aid to Fish Restoration funds.

(153)
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FIGURE 1. Map of California striped bass party boat fishing area. The numbers indicate the

fishing blocks referred to in the text.

hoim, 1949), while the corresponding figure for 1949 through 1959

was 15,625 (Table 1). Since the number of successful striped bass

anglers has more than doubled since 1938 (Table 2), total angling

effort has presumably increased greatly, so that the party boat fishery

now constitutes a smaller portion of the fishery.

Most party boats fish for eight hours or until "limits" are caught.

These are termed "full-day boats." A few boats make two shorter trips

a day and some participate in a summer evening troll fishery. Records
from the latter two categories are excluded from most of the tabulations

in this report.

Report forms are furnished to party boat operators by the Depart-
ment of Fish and Game. Most of the information requested has re-

mained the same throimh the years, but there have been a number of

changes in the forms. Two of the forms used in earlier years are pic-

tured by Calhoun (1949), and Baxter and Young (1953). Figure 2

shows the form used from 1955 through 1959. It is self-explanatory

excepl for the block number, which denotes the area of fishing. Six

blocks comprise the main fishing area (Figure 1).
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TABLE 1

Party-Boat Fishing Effort From 1949 Through 1959
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quinez Strait. A party boat fishery in the San Joaquin portion of the
Delta has declined during the i;ist IVu years, and it is now probably
too small to reflect changes in abundance of striped bass. Elsewhere
there is liitl • no party boat fishing.

These reports are further deficienl in yielding little reliable informa-
tion on Mi' 1 ^i/<' (if fish caught, which is essential to interpreting catch

sta! isl ics.

KIND OF FISH CAUGHT NUMBIB fISH TOtAl WtlCHI

CABEZON ibullheoc')

PLEASE MAKE A SEPARATE LOG FOR
EACH TRIP OF THE DAY

FLOUNDER, SOLE, SANDAB
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censuses of both private and party boats were made in San Francisco
and San Pablo Bays, since all types of boats were checked routinely
without discussing the party boat reports with the skippers, and since
biologists had not been in close contad with the fishery to encourage
adherance to the reporting regulations since 1952, it is unlikely that the
creel check influenced the party boat reports.

Comparison of the observations made with the reports received Lndi

cates thai there is wide variation in the completeness of reporting at
the various ports (Table 3). Applying the estimates of the completeness
of reporting lor the various boats and ports to the 1959 reports from
Blocks 488, 301, and 308, it was estimated that approximately 55 per
cent of the trips in lUock 488 and 80 percent of the trips in Blocks 301
and 308 were reported. This estimate for Blocks .'{01 and .'ids amazimjh
is close to Johnson's estimate considering the fad that biologists have
made virtually no effort to contact boat skippers to stimulate interest

since 1952.

The total catch per unit of effort figures determined from the creel

checking data and from the reports received for the same boat trips

are similar (Table 4), even though there was considerable variation in

the accurac}' of individual boat operators' reports. In general, the num-
ber of anglers was reported accurately, bul the fishing hours and catch

were both overestimated. Hence, the reported catch per hour was
slightly more accurate than the reported catch per day. Since the main
components of the fishery were sampled, it appears reasonable to

conclude that reports received are accurate enough to provide a reliable

index of fishing success.

The accuracy of the reported weights was not verified, and in any
event, their usefulness is limited, since only the total weight of a

day's catch is reported. Despite this, they probably reflect important

trends with reasonable accuracy.

Measurements of Catch Per Unit of Effort

Catch per angler day was used previously as a measure of party

boat fishing success (Calhoun, 1949). Now. several factors make it de-

sirable to change to catch per angler hour.

The most important factor is changes in angling regulations. These

had remained essentially unchanged from 1944 to 1955, when the five-

fish bag limit was reduced to four. In 1956 i1 was further reduced to

three fish, and the 12-inch minimum Length limit was increased to 16

indie-.

\'o measure of fishing success can be comparable before and after a

size-limil change. Eowever, catch per hour is more nearly comparable

before and after bag limit changes than catch per angler day. as it is

less dependenl on the Length of an angler day and the total number of

fish caught. Ii is not completely comparable though, because on days of

good fishing the number of angler hours expended is limited by the

bag Limit.

The effect of the bag limit on the catch per anil of effort is an
important practical consideration in this fishery. This is indicated by
the curvilinear relationship between catch per hour and catch per day
under the three-fish bag limit (Figure 3). Below a catch per day of

about 1.5 bass, both measures accurately reflect changes in fishing
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0.10 0.20 030
CATCH PER HOUR

0.40

FIGURE 5. Relationship of monthly catch per day and catch per hour during 1954 and 1955

for blocks and months with 30 or more full-day party boat trips. Dotted lines indicate equivalent

intervals on the two scales, which are used in subsequent charts as measures of fishing success.

success, but above 1.5 the catch per day becomes progressively more
distorted. This distortion is sufficient to cause marked differences in

the yearly means during good fishing periods. For example, the catch

per day indicates that fishing was 95 percent better in Block 301 in

1958 than it was in ]!>.*>(;, while the catch per hour indicates that it was
153 percent better (Figure 4).

Differences in the average number of hours in a fishing trip in vari-

ous blocks or seasons would also bias catch per day but not catch per
hour. However, this is not a serious consideration at the present time,

because the average length of an angler's day on full-day boats only

varies between seven and eighl hours in various Mocks and seasons.

Catch per hour figures are available only after 1953. To make the

1956-59 data as nearly comparable to earlier data as possible, the catch

per day intervals previously used as standards of success (Calhoun,

1949) were equated to catch per hour intervals. This was done by
fitting a line to the relationship between the mean monthly catches

per day and the mean monthly catches per hour during 1954 and 1955

Figure 5). The comparable intervals, indicated by the dotted lines,

were then used in the graphs of fishing success for each block. Both
catch per day and catch per hour are included on the graphs for 1954
and 1955, so that the similarity of the two during this period can be

seen.
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BLOCK RECORDS

Block 308—The Carquinez Strait Region

Calhoun (1949) presented detailed maps and physical descriptions

of all blocks, and readers are referred to these. An important considera-

tion in the interpretation of the boat reports is the inclusion in block

308 of a portion of San Pablo Bay ecologically identical with most of

Block 301 (Figure 2). In recent years, party boat fishing has centered

around the dividing line between the blocks creating considerable diffi-

culties in the identification of fishing areas for reported trips. The two
blocks are still being maintained separately to facilitate comparison
with earlier years and to better define the location of the fishery which
is only partially masked by the overlap.

The only significant changes in this area since 1948 resulted from the

increased size limit. This reduced the spring fishery and practically

eliminated the fishery on the sand bar in western Suisun Bay, since both
were primarily dependent on fish under 16 inches.

TABLE 5

Summary of Full-Day Party-Boat Reports From Carquinez Strait, (see Table 7) Block 308
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TABLE 6

Summary of Full-Day Party-Boat Reports From San Pablo Bay, Block 301
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which is indicated by the decline in mean annual catch per angler day
from a range of 1.11 to 1.55 for the 1!' 15-1952 period to 0.61 to 1.02 for
the 1953-1959 period (Calhoun, 1949 and Table 7). A final contributing
factor was the improved late fall and spring fishing in the Bay area,
which resulted in some of the boats staying there rather than moving to
the Delta.

While Block 303 includes the entire Delta, the party boat fishery has
been restricted to the main San Joaquin River and immediately adja-
cent channels and Hooded islands. Therefore, the party boat reports rep-
resent only a portion of the area.

The fishing season occurs from October through May and has re-

mained relatively unchanged (Figures 10 and 11).

The reporlcfl mean weight of the bass caught has declined compared
with lh«' 1938-1948 period (Table 7). While there have been fluctua-

tions during this period, the decrease reflects the same general trend

found in the other fishing areas.

1.5-

3.0 lbs.

5 lbs

5
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Block 488—Upper San Francisco Bay

This is the only other block in which significant amounts of party
boat fishing have occurred during the 11-year period, and it is also the
block where the greatest changes have occurred.
Between 1938 and 1943, considerable fishing occurred in this block,

with good catches during the spring and summer. Trolling was the
primary means of fishing, although bait was also used.

From 1944 through 1951, the number of angler days reported annu-
ally was less than 1,000 each year, and fishing was poor. Calhoun (1949)
discusses a number of possible explanations for this decline.

TABLE 8

Summary of Full-Day Party-Boat Reports From Upper San Francisco Bay, Block 488
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Calhoun (1949) noted an apparent positive correlation between fish-
ing quality in this block and water runoff from the Sacramento-San
Joaquin River system. Although the figures are difficult to interpret
because of the changes in fishing techniques and the low angling pres-
sure during the early part of the period, this relationship is not evident
during the last 11 years (Figure 12).

Block 302—Suisun Bay

Little party boat fishing has been reported in this block since 1948,
with the maximum number of boat trips in any month being 20, and
the annual mean number of angler days and striped bass reported dur-
ing the 11-year period being 105 and 190, respectively. Since other
observations indicate that fishing is frequently quite good there, the
lack of party boat fishing does not indicate an absence of bass.

1949
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Block 489—Lower San Francisco Bay

Very little fishing has occurred in this block during the last 11 years,

with the annual mean number of angler days and striped bass re-

ported during the 11-year period being 252 and 146, respectively. The
only months when more thai] 30 boal days were reported were June,
July, and August of 194!), and July of 1950 and 1951. The respective

catches per angler day £or these months were 0.23, 0.55, 0.93, 0.21, and
0.20. The very low catches per day for these months and for the few
trips in subsequent years suggest that fishing was poor in this block

during the 1949-1959 period.

POSTAL CARD SURVEYS

The striped bass catch estimates derived from the postal card surveys

are summarized in Table 2. Several serious limitations restrict their

usefulness in measuring abundance. One limitation is the bias resulting

from the inclusion of only successful licensed anglers, which prevents

the development of a good catch per unit of effort measurement. The
best measure, catch per angler day for successful anglers, is available

only for the last five surveys. This is subject to the same limitations

discussed in the section on party boat catch per unit of effort.

The only measure of catch per unit of effort available for all the

surveys is annual catch per successful angler, and this is subject to the

same deficiencies as catch per day, plus the errors due to variations in

the average number of days fished annually by each angler. There is no
way of estimating the average number of days fished per year for the

earlier surveys, but in the five surveys since 1953 it has ranged from
9 in 1954 to 12 in 1959.

A potentially more serious limitation is that the accuracy of the

surveys has never been thoroughly evaluated. It has been shown that

nonresponse does not bias the estimates (Calhoun, 1950), but the accu-

racy of the estimates made by individual anglers has never been

investigated for striped bass.

In other evaluations of postal card surveys appreciable exaggerations

in catch estimates have been shown. For example, studies of the Cali-

fornia ocean salmon fishery have indicated that the total catch estimates

from the postal card surveys was about three times the actual catch in

1956 (Wendler, 1960), and data collected subsequently suggest that

there may be substantial errors in the trends indicated by the postal

card surveys (Marine Resources Branch, California Department of

Fish and Game, unpublished data). In Idaho, creel censuses of salmon
and steelhead fisheries have indicated a 100 percent exaggeration in

postal card surveys (Bjornm, 1961).

In summary, only poor measures of catch per unit of effort are

available from the postal card surveys, and the reported catches are

Likely to be biased. Therefore, they should be used only to indicate

trends and caution should be used in accepting them for this purpose.
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FIGURE 14. Three-year moving average of mean catches per day on full-day party boats

fishing in Blocks 301 and 308 during September and October. Catches per day for years

1955-1959 were interpolated from Figure 5 using mean catches per hour.

DISCUSSION

Significant conclusions about the status of the striped bass popula-

tion can be drawn from party boat reports and the postal card surveys

in spite of their deficiencies. However, care must be taken in deriving

indices of population status from them.
In discussing party boat reports, it was indicated that reports of

fishing success in Blocks 301, 303 and 308 are most suitable for indicat-

ing trends in population size. The accuracy with which population

trends are reflected by fishing success would be influenced in all of

these blocks by annual variations in migrations. If any variations in

migrations were random, population trends would still be indicated

reliably. However, progressive changes in migratory patterns could bias

indications of population trends.

Tag returns indicate that there have been some substantial changes

in bass migration between 1953 and 1958 (Chadwick, unpublished

data). One of these changes is that the bass have shown a definite

tendency to move farther downstream during the summer in recent

years. This would result in poorer summer fishing in Blocks 301 and
308, and Figure 6 does indicate that summer fishing in Block 308 has

deteriorated. This would bias any index of population size based on

summer fishing success there.
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latter reflects the size of population overwintering in the Delta, as

well as the abundance of bass which overwinter in the San Francisco
Bay area and migrate to the Delta to spawn in the spring.

The three-year moving averages of the September-October catches

per unit of effort for striped bass in Blocks 301 and 308 are graphed in

Figure 14 and the three-year moving averages of the catches per unit

of effort for striped bass in Block 303 are graphed in Figure 15. Only
averages for the years since 1945 were used from Block 303, since fish-

ing effort there was negligible before that time.

Both graphs indicate a low point in fishing success in the mid-1950 's.

The catches in Blocks 301 and 308 show a rather gradual decline from
1944 through 1956, while the figures from Block 303 indicate a stable

catch from 1946 through 1952, with a sharp decline from then until

1956. Some increase in fishing success after 1956 is shown in both
graphs, but the increase is more marked in Blocks 301 and 308. If the

size limit had not been increased in 1956, the recovery in fishing success

would undoubtedly have been greater, as 12- to 16-inch fish previously
formed important components of the catch in both areas.

The mean annual catch per angler and the total catch indicated by the

postal card surveys show trends (Figure 16) quite similar to those

shown by the party boat reports.

While both measures of fishing success have serious defects, the
similar trends shown in Figures 14, 15 and 16 are convincing evidence
that the striped bass population declined gradually in size through the

X

UJ
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late 1940's and early 1950's to a low point in the mid-1950 's. Since
195(i. there apears to have been a substantial increase in population
size, but it is too early to tell whether this reverses the long-term trend
or is merely a short-term fluctuation. Since this increase became evi-

dent just one year after the change in regulations, it could not have
resulted from the regulation change.
Another safe conclusion is that the size of the bass caught since 1948

lias generally been less than the size caught earlier. This has been noted
in all three blocks with consistent records (301, 303, and 308). The
t rends in mean annual weight are very similar in all three blocks

(Figure 17), with all featuring low points about 1942 and 1952, and
an overall downward trend. The most probable explanation for this

trend is that increased fishing pressure on a decreasing bass population
has increased the harvest rate which would reduce the average age of

the fish caught.
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SUMMARY

Catch records from a party boat fishery and postal card survejT
s are

examined to determine the status of California's striped bass popula-
tion during the period 1949-1959. This paper supplements an earlier

paper covering the party boat fishery for the period 1938-1948, and
several papers reporting postal card survey results.

Total reported party boat fishing has remained quite constant over
the 22-year period, although there have been major changes in various
segments of the fishery. The chief changes since 1948 have been a de-

cline in the importance of the Delta fishery, between l!>52 and 1959, and
a great increase in the northern San Francisco Bay fishery associated

Avith changes in fishing methods in 1957.

A gradual decrease in fishing success during the late 1940 's and early
1 950 's is indicated by both catch records. During this same period, the
number of anglers increased, and these fads are interpreted as indicat-

ing thai the population itself declined during this period.

The trend in fishing success reversed after 1950 indicating an in-

crease in population size.

The average size of the fish caught also decreased during the 1949-

1959 period, probably indicating an increase in the harvest rate.
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THE 1960 PRESEASON ALBACORE SURVEY IN THE
NORTHEASTERN PACIFIC OCEAN 1

WILLIAM L. CRAIG
Marine Resources Operations

California Department of Fish and Game
and

ROBERT H. CANEDAY
U.S. Bureau of Commercial Fisheries, Biological Laboratory

San Diego, California

INTRODUCTION

The California Department of Fish and Game has conducted several

exploratory fishing and oceanographic cruises to study albacore (Thun-
nus germo) and their environment prior to the regular fishing season
(Craig and Graham, 1961; Graham and Craig, 1961). These surveys
have been conducted during the spring, to learn more about the move-
ments of these economically valuable tuna prior to and during the

beginning of the annual fishing season. Although a great deal has been
learned about their movements through a tag-and-recovery program
(Clemens, 1961; Otsu, 1960) and by studying catch records (Clemens,

1955), their migration route into the American fishing grounds needs

additional investigation.

The location of early-season albacore concentrations is vitally im-

portant to commercial fishermen, for they must be prepared to catch

a large portion of the season's total within three months after the fish

appear in local waters. Because albacore are a popular sport fish and
the season is short, recreational fishermen become frenzied by the ap-

pearance of the early migrants. Thus, locating and charting the progress

of inbound schools enables scientists to study albacore and their en-

vironment, and by relaying the information to sport and commercial
fishermen great savings of tedious and expensive scouting time are

realized.

A program of oceanographic observations for the 1960 survey was
planned and carried out, in co-operation with the U.S. Bureau of Com-
mercial Fisheries, Biological Laboratory, San Diego, to determine rela-

tionships between the physical environment and albacore movements
during their entry into the West Coast fishing grounds. A series of

these ecological data should enable us to make more refined predictions

of albacore movements when coupled with advance knowledge of en-

vironmental conditions. Toward this end, the present report embodies
a compilation and a limited analysis of the physical and biological

information collected during the 1960 survey.

1 Submitted for publication August 1961.
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CRUISE PLAN

For the second consecutive year the Department of Fish and Game
vessel N. B. Scofield (Cruise 60S3) was used in an effort to inter-

cept the incoming albacore schools by fishing' along three predetermined
lines between Cape Mendocino, California, and Punta Baja, Baja Cali-

fornia. Should albacore be caught on one of these fishing lines, the

cruise pattern was to be modified in an attempt to outline their latitu-

dinal range while following them coastward (Figure 1).

The vessel proceeded from San Pedro toward the initial trolling line

the evening of Mav 23 and returned to port 26 days later on June 18,

1960.

Fishing Method

Surface trolling gear was used to locate albacore schools. Artificial

lures consisting of feathered japheads, and various plastic or bone jigs

were attached to 6 or 7 lines of various lengths and trolled during day-

light hours. Barbless hooks were used so that fish in good condition

could be unhooked quickly for tagging. Trolling speed varied from 6

to 10 knots and averaged 6 to 7.

Plans to carry a small supply of live anchovies (Engraulis mordax)
for bait fishing, in the event large concentrations of albacore were lo-

cated, were changed when the tidal effects of a severe Chilean earth-

quake roiled Los Angeles Harbor and ruined baiting for a few days.

Oceanographic Observations

The survey plans placed primary emphasis on trolling for albacore,

and secondarily, on gathering the most pertinent oceanographic data

with the least interference to the primary purpose. Sea temperature and
salinity were selected as the most useful physical observations under
these restricted conditions.

A comprehensive record of sea temperature was obtained by means
of the bathythermograph (BT) as well as bucket and recording ther-

mometers. Bathythermograph lowerings to 450 feet were made at inter-

vals approximately 20 miles apart. At each BT station an accurate

reading of surface temperature was obtained with a bucket thermom-
eter. The recording thermometer operated continuously during the

survey.

Water samples for salinity determination were collected from Nansen
bottle casts to 33 foot (10 meters) depths at intervals approximating 40
miles or at alternate BT stations. All oceanographic stations were occu-

pied while the vessel moved slow ahead (1 to 3 knots) since stopping
to drift meant securing all the fishing gear and losing precious scouting

time. Movement of the vessel at these speeds resulted in obtaining the

samples from a different depth than they would have been obtained if

the cable had dropped perpendicular to the sea surface. This was com-
pensated somewhat by considering the wire angle and varying the

amount of cable metered off the winch. Most of the water samples thus
collected were from depths closely approximating 10 meters. In some
instances, however, the necessary compensation could not be made and
the resulting samples were taken in depths estimated between 20 and
56 feet (6 and 17 meters).
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Miscellaneous Observations

Several incidental observations were made to further the study of

environmental conditions. Night light stations were attended while the

vessel drifted on sea anchor. A 1,500-watt lamp was supended over

the water at dusk and observations or collections were made through-

out the evening. Weather and sea conditions were noted in connection

with the BT log. Significant physical and biological occurrences or

changes were also noted.

CRUISE RESULTS

Fishing Data

Trolling took place during daylight hours from approximately 120

miles west-northwest of Point Arguello to the south side of San Cle-

mente Island. Slightly over 3,000 miles were traveled during the 26

days; nearly 2,300 miles were fished with trolling lines (Figure 2).

The first albacore were caught on the twelfth day of the cruise

about 500 miles west of San Francisco (lat. 37° 43' N., long. 132° 45'

W.). From that point, catches ranged from 1 to 26 fish each day
throughout the remainder of the survey (Table 1).

For the sake of uniformity, no intense fishing effort was expended
in any one area. By maintaining a straight course, fishing effort was
evenly distributed allowing estimates of relative abundance between
various areas. Catches of the N. B. Scofield indicated albacore were
in greatest concentration in three localities : the northwestern area

south of lat. 37° N. in close proximity to long. 130° W. ; in the central

portion south of lat. 34° N. and west of long. 125° W. ; and southeast

of the central portion west of long. 120° W.
The only other species caught on the trolling lines was bigeye tuna

(Parathunnus sibi). Early in the morning of June 12, near Fieberling

Guyot (lat. 32° 23' N., long. 127° 49' W.), all six lines hooked-up at

the same instant. Five of the six fish broke off carrying the tackle with

them. The sixth was landed and proved to be a bigeye tuna weighing
approximately 50 pounds.
To further substantiate their coastward migration route, albacore

were tagged at numerous offshore localities. Recoveries of preseason

tagged fish early in the regular fishing season would aid materially

in establishing a pattern of movement to the coast. Of 153 fish landed,

74 were considered in suitable condition and were tagged and released.

None, however, was subsequently recovered.

Fork-length measurements on 135 of the 153 fish arranged as a size

frequency distribution, show 90 percent of the fish averaged 12 pounds
each. This is the size group usually dominating the Pacific coast

fishery (Clemens, 1961). The remaining 10 percent consisted of fish in

three size groups, averaging 7, 18, and 25 pounds each; these con-

tribute to the commercial fishery in lesser quantities (Table 2).

Oceanographic Observations

In addition to sea-surface temperature measurements, 450-foot bathy-

thermograph casts were made at 150 stations during the cruise (Figure

1). Water samples for salinity determination were collected at 85

positions. Generally the samples were obtained at alternate BT stations

though occasional exceptions were necessary to complete the data

(Figure 1).
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TABLE 1

Albacore Catch Localities for the N. B. SCOFIELD Scouting Cruise (60S3)

May 23 to June 18, 1960

Date

r, i t;o

6/5/60

6/6/60

6/7/60

6/8/60.

• i u r,o

6/10/60.

6/11/60.

6/12/60*

Position

N. lat,

37°43'

37°02'
37°04'

37°06'

37°46'
37°10'

37°07

'

36°57'

36°36'
36°24'

36°12'

36°07'

36°03

'

36°01

'

35°56'

35°49'
35°33'

35°05'

35°07'
35°12'

35°22'

35°27'

35°30'

35°52'
35°53'

35°56'

35°57'

36°03'

36°03'

36°07'
36°14'
36°19'

36°23

'

36°25'

36°32'

35°53'
35°29'

35°14'

34°37

'

34°31'
34°26'

31 l\V

33 -".J'

33°43'

32°01

'

32°O0'
31°53'
31°38'
31°40'

W. long.

132°45'

131°39'

131°37'

131°33'

130°52'

130°38'

130°38'

130°37'

130°35'

130°36'

130°36'
130°36'

130°36'

130°36'

130°36'

130°36'

130°36'

130°35'

130°31'

130°23'

130°06'

129°57'

129°52'

129°17'
129°15'

129°11'

129°08'

129°00'

128°57'

128°52'

128°42'

128°34'

128°30'

128°28'

128°19'

127°53'

127°45'

127°39'

127°43'

127 16'

127°47'

127°49'

ll'K 01''

128°05'

127°15'

127°14'

127°11'

127°01'

l
.'7 oo'

Number
tagged

Number
>:i\ til

Number
lost
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TABLE 1—Continued

Albacore Catch Localities for the N. B. SCOFIELD Scouting Cruise (60S3)

May 23 to June 18, 1960
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TABLE 2

Length Frequency Distribution of 135 Albacore Caught During the

Albacore Survey, May 23 to June 18. 1960

Length
(cm)
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Daytime observations were typical of those encountered in the same
area on previous cruises. One small whale and two sea lions were the

only mammals observed. Albatross were present in small numbers most
of the time. Storm petrels, though less prevalent, were frequently

observed. Behavior of the birds appeared no different in areas where
fish were caught and at no time did feeding birds indicate the presence
of fish. Two vast areas of Velella lata were noted : one, near San Miguel
Island, extended for approximately 60 miles, the other for about 30
miles near the location of the first albacore catch. Numerous glass

net-floats were seen, particularly in the north-central portion of the

survey area. Most of these were heavily encrusted with stalked bar-

nacles indicating a long period of drifting in the sea.

While running the last survey line, the sea itself proved interesting

to observe. Characteristic "tide rips," typical of an area where water
masses converge (Sverdrup, et al., 1942), were visible in all directions.

The recording thermometer sometimes fluctuated plus and minus one
degree C. in less than five minutes. The water remained clear, but the

color in some of the "fingers" was greenish and contained floating

kelp, while in others oceanic blue color prevailed without kelp.

DISCUSSION

Japanese workers have suggested that albacore may be identified

with a distinct current system (Nakamura, 1954; Suda, 1956). With
this in mind the N. B. Scofield cruise data were examined for evidence

of such an alliance in the California Current system during the spring

albacore migration.

It is possible to estimate water mass transitions taking place during
the cruise by analyzing the temperature-salinity structure (Miller,

1950), (Figure 5). In the area of Point Conception, temperatures were
much cooler than any subsequently encountered, yet salinities were in

the upper part of the range (Stations 1, 3 and 4). Such a temperature-

salinity distribution is undoubtedly the result of upwelling along the

adjacent coastline. Northwest of Point Conception and farther offshore,

the stations shown between 5 and 18 (Figure 5) were characterized by
a marked decline in salinity values, but only a slight increase in tem-
perature. This combination is indicative of water transported by the

California Current and presumably represents passage of the N. B.

Scofield through the eastern boundary of this system. The grouping
of values between 33.00 and 33.40 parts per thousand salinity and 60

to 63 degrees F. temperature constitutes data collected in the expanse

of the California Current itself. Values in excess of these probably

represent the transition from the California Current to the warmer
more saline water of the central northeastern Pacific Ocean.

Investigators have often used the horizontal temperature-salinity

profile to relate a biological entity to different water masses (Bary,

1959). With the albacore this approach provides an interesting dis-

tribution. Most of the albacore were taken in a restricted range of

temperatures and salinities (Figure 5). Of the catch, 87 percent was
landed in water of 60.5 to 63.0 degrees F. and in salinities from 33.05

to 33.30 parts per thousand. Averages for June (1949 through 1959)
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compiled from California Cooperative Oceanic Fisheries Investigations

(CCOFI) data, gathered within the California Current in the area of

this cruise, show that temperatures have consistently run from 60 to 61

degrees F. and salinities from 33.20 to 33.30 parts per thousand. This

suggests, at least through the period of the scouting cruise, that the

albacore favored conditions associated with the California Current.
Since the current is generally oriented from northwest to southeast

parallel to the California coast south of San Francisco, the spring alba-

core migration may have been similarly oriented in 1960.

The lack of fishing response along the westernmost leg of the cruise

(upper righthand limits of the temperature-salinity range in Figure 5)

further indicates that the fish tended to migrate well within the confines

of this water mass. Tbis explanation is not, however, entirely consistent

with the intimation by Yamanaka (1956), that albacore concentrations

arc linked with current boundaries. Trolling failed to yield a single

fish in the transitional water at the western limit of the cruise area.

Perhaps the boundary, as such, has become so mixed that the natural
advantages of this type of region elsewhere are nonexistent off the
coast of California.
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TABLE 4

Night-Light Observations Made During the Albacore

Survey, May 23 to June 18, 1960
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SUMMARY

1. The 1960 preseason survey of the northeast Pacific albacore fish-

ing grounds was conducted from May 23 to June 18, I960, by the
Department of Fish and Game vessel AT . B. Scofield (Cruise 60S3).

2. The oceanographic program was planned and co-ordinated jointly

by the California Department of Fish and Game and the U.S. Bureau
of Commercial Fisheries, Biological Laboratory, San Diego.

3. The area surveyed was bounded roughly bv lat. 30° to 38° N., and
long. 134° W. and the Channel Islands off California.

4. Surface trolling was used to locate albacore schools.

5. Except for one bigeye tuna the catch was entirely albacore. Of
153 landed 74 were tagged and released. At least an additional 50
albacore and five bigeye tuna were hooked but not landed.

6. Sea temperatures were measured from the surface to as deep as

700 feet and water samples for salinity determination were collected

from approximately 33 feet (10 meters). Surface temperatures within
the areas of catch ranged from 59.5 to 64.2 degrees F. and salinities

from 32.95 to 33.53 parts per thousand.

7. The relationship between sea temperature and salinity indicated

catches were restricted to the water mass of the California Current
system.
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THE ELECTROPHORETIC CHARACTERISTICS OF
ALBACORE, BLUEFIN TUNA, AND KELP

BASS EYE LENS PROTEINS
1

ALBERT C. SMITH
Marine Resources Operations

California Department of Fish and Game

INTRODUCTION

This is the first known report of electrophoretic studies on the fish eye

lens proteins. The lenses of higher animals have been studied and
reported upon, but the literature is not extensive. Wood, Massi, and
Solomon (1954), working with the soluble rabbit lens proteins, showed
that at least five different components could be distinguished by elec-

trophoresis ; further studies suggested they were all globulins. Halbert,

et al. (1957) also found five soluble antigens in rabbit lenses. The
immunologic studies of Rao, et al. (1955) suggested beef lenses con-

tained at least six different soluble antigens. "Wood and Burgess (1961)
carried out continuous flow electrophoresis on the soluble lens proteins

of cows, hogs, sheep, dogs, cats, and chickens. For each species the lens

proteins separated into at least five components and gave characteristic

soluble protein concentration curves. No intraspecific differences be-

tween curves were described in any of the papers.

In the present study, I investigated the electrophoretic characteristics

of the soluble lens proteins from three marine fishes and evaluated
electrophoresis of fish lenses for identifying separate, noninterbreeding
populations of the same species.

MATERIALS AND METHODS

The lenses of Pacific albacore (Thunnus germo), California bluefin

tuna (T. saliens), and kelp bass (Paralobrax clathratus) were removed
from one eye of each fish and freed of aqueous and vitreous humor,
pieces of retina, etc. ; then placed in dry bottles and stored at 5-6° C.

until ready for extraction.

An extract of soluble lens proteins was prepared by mechanically
mincing the hard core of the lens in 0.9 percent saline solution and
storing at 5-6° C. for at least 24 hours. Electrophoresis of the protein

extract was carried out as described for serum proteins in Spinco's
Technical Bulletin (1961). The separation was performed in a Spinco
Model R Electrophoresis Apparatus in Veronal buffer, having a pH
of 8.6 and an ionic strength of 0.75. The current used was 2.5 ma per
cell and was allowed to flow for 24 hours.

1 Submitted for publication March 19 62.
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When separation was completed, the paper strips containing the
protein concentrations were dried in an oven at 120 to 130° C. and
then stained by immersion in methanol (six minutes), bromphenol blue
dye (30 minutes), and finally in three consecutive rinses of 5 percenl
glacial acetic acid (six minutes each). The strips were then dried in an
oven at 120 to 130° C. and placed for 15 minutes in an atmosphere
of ammonium hydroxide vapor.

The concentrations of the components on the paper strip were eval-

uated by scanning in the Spinco Model RB Analytrol.

EXPERIMENTAL RESULTS

Electrophoresis of the soluble proteins from the lenses of 4 albacore,

4 bluefin tuna, and 16 kelp bass demonstrated a constant number of

components characterizing each species. There were, however, slight

variations in the patterns of the protein concentration curves between
individuals for all three species, especial ly albacore where the variations
could be grouped to form two curves (Figure 1).

Component I

B I u • I i n tuna and Kelp bass Pacific albacore

FIGURE 1. Generalized protein concentration curves from electrophoresis of soluble lens

proteins of three fish species.

DISCUSSION

Electrophoresis indicated one or two components were in the fish

lenses tested. Bluefin tuna and kelp b;iss each demonstrated two com-
ponents with several slight pattern variations and albacore had one
component with two pattern variations. Although the kelp bass and
bluefin t ana eled rophoretic curves were too .similar to allow distinguish-

ing between the two species, individual differences within either species
could still lie identified by t heir characteristic curves.

The pattern variations noted within the three species were considered
minor and probably due to small differences in quantity of eye lens

extract applied to the paper strips or other unknown factors rather than
to real genetic differences between the individuals of a species. Sig-

nificant intraspecific variation {e.g. the presence of extra components)
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could reasonably be attributed to genetic differences, and may yet be

discovered when larger samples of lenses are electrophoresed. In that

event, it should be possible to identify separate, noninterbreeding pop-
ulations of fish by the differential frequencies of the rare lens com-
ponents.

SUMMARY AND CONCLUSIONS

1. Electrophoresis of California bluefin tuna and kelp bass soluble

lens proteins separated them into two components having characteristic

curves which appeared to be identical for both species. A single com-
ponent was demonstrated from albacore lenses.

2. No intraspecific pattern variations were considered important
enough to reflect genetic differences between individuals of the same
species, but they may be discovered when larger samples are tested.

Such a discovery would provide a practical method of identifying sep-

arate, noninterbreeding populations of fish.
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BITTERBRUSH STOCKING AND MINIMUM SPACING
WITH CRESTED WHEATGRASS 1

RICHARD L. HUBBARD, PINHAS ZUSMAN, H. REED SANDERSON
Pacific Southwest Forest and Range Experiment Station

Berkeley 1, California

INTRODUCTION

Research has developed successful methods for artificial seeding of

bitterbrush (Purskia tridentata). Now the question arises as to how
many plants per acre constitutes proper stocking with bitterbrush. Up
to a point, the more plants, the more herbage produced. But there is

a limit. Soil moisture is scarce on most of the semidesert deer winter

ranges where browse seeding has application. This scarcity limits the

amount of plant life that land can sustain. Where seeded bitterbrush

is so dense that the plants compete critically with each other for the

available moisture, herbage production will go down, and some plants

may die. Other species growing with bitterbrush also enter into this

struffffle for available moisture.

Bitterbrush plants from a 1953 seeding in Modoc County began dying
in 1959, apparently from lack of moisture due to competition among
themselves. Because this seeding was experimental, had a known history,

and was never grazed, it provided a good chance to learn how many
plants the site could support. An adjoining stand of crested wheatgrass,

planted at the same time as the bitterbrush, provided a chance to study
the maximum distance from which perennial grass competition affects

bitterbrush growth and survival.

THE STUDY

The study plot (Figure 1), 25 x 320 feet, supported 588 seven-year-

old bitterbrush plants in 1959. In terms of average stocking density

this is 3,231 plants per acre. Distribution of the plants was uneven. A
dense stand of crested wheatgrass, planted at the same time as the

bitterbrush, bordered one side. Wood-free areas adjoined the other sides.

Cheatgrass (Bromus tectorum) and other annual grasses and weeds
composed the understudy on the experimental plot. Many bitterbrush

plants growing within 2 or 3 feet of the crested wheatgrass were dead
or in poor condition. Grazing had never been permitted and pathol-

ogists were unable to find any causative disease.

The study plot was located in a transition type of vegetation, be-

tween ponderosa pine and the sagebrush-juniper complex. Big sage-

brush (Artemisia tridentata ) ,
juniper (Juniperus occidentalis), rabbit-

brush (Chrysothamnus spp.), and bitterbrush made up the bulk of the

1 Contribution from co-operative investigation between the Experiment Station and
the California Department of Pish and Game. Work was done under Federal Aid
in Wildlife Restoration Act, Pittman-Robertson Research Project W51R, entitled
"Big Game Investigations." Submitted for publication October 1961.
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FIGURE 1. General view of the experimental plot.

brush cover. The understory was composed of perennial grasses and
annual and perennial forbs. A few scattered ponderosa pine (Pimis

ponderosa) were present. Annual precipitation averaged between 12 and
14 inches, much of it as snow. The soil, a sandy loam of basalt origin,

was classified in the Underwood soil series (Gardner, 1956). This was
a good bitterbrush site and it probably could support as many browse
plants as any deer winter range likely to be seeded. Maximum stocking

for drier, more difficult sites is likely to be lower. A drought in 1959

may have caused mortality to show up earlier than it would have
otherwise.

EXPERIMENTAL METHODS

Each of the 588 bitterbrush plants was located on a large-scale map
of the plot. At the time of mapping we measured the total height and
two diameters of each plant and classified its condition as follows :

< 'lass Dead bram lies

A
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d. Crown cover in a 3-foot circle.

e. Crown cover in a 5-foot circle.

f. Crown cover in a 10-foot circle.

g. Average distance to the nearest 2, 4, 6, 8, and 10 plants,

b. Distance to crested wheatgrass.
i. Distance to plowed ground.

These data were subjected to regression analyses to determine which
variables were significant. 2

COMPETITION

Plant condition, or percent of dead branches, gave the most sensitive

response to competition. The measure of competition between bitter-

brush plants most closely related to plant condition and size proved to

be the average distance to the nearest 10 plants. But even this "best"
measure of competition explains only 25 to 33 percent of the variation

in plant condition and size. It is apparent that many other influencing

factors were not included in the study.

Other factors that are important, include soil variation, insect dam-
age, and variation in the amount of understory vegetation. "We know
that understory vegetation did vary because one-fourth of the plot had
been weeded the first four years to determine the effect of annual
vegetation on young seedlings. This known difference of minor impor-
tance was not analyzed in this study. Also, because bitterbrush dis-

tribution was not regular, our measures of competition only partially

reflect competition values. Many other factors could have been at work.
Nevertheless, the effects of competition are material and significant.

Competition, as reflected by plant condition and size, became negli-

gible in this study when the average distance to the nearest 10 plants

E « 60 "

Average Distance to Nearest Ten Plants (ft.)

144 100 81 64 49 36 25 16

Hundreds of Plants Per Acre

FIGURE 2. The effect of competition between bitterbrush plants (as measured by the average
distance of the nearest 10 plants) on the condition and size of bitterbrush plants.

2 The analytical methods and regression equations may be obtained from the director,
Pacific Southwest Forest and Range Experiment Station, P.O. Box 245, Berkeley
1, California, as "Analysis Supplement—Bitterbrush Stocking."
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was more than six feet (Figure 2). This spacing corresponds to about
2,200 plants per acre, assuming a regular distribution in which plants
are located at the corners of regular squares.

Competitive effects increased sharply when the average distance to

the nearest 10 plants was less than three feet. This spacing means stock-
ing at 10,000 plants per acre. Almost the same story was told by all

three dependent variables : condition, height, and diameter.
Competition effects on plant condition and growth on the area prob-

ably will become more apparent as time goes by. In 1959, stocking
averaged 3,231 plants per acre As many as 8,000 plants per acre have
resulted from some seedings on similar sites (Hubbard, et al., 1959).
Competition is likely to become evident much earlier in the life of
plants with such high stocking.

BITTERBRUSH AND CRESTED WHEATGRASS SPACING

Many land managers contend that both brush and grass are needed
on a particular range. At certain times of the year grass is valuable
deer feed (Leach, 1956), and it is the mainstay of cattle. The question
is, what spacing between the brush and grass is best?

We know that bitterbrush plants stand only a slim chance of survival
if the seed is mixed and planted with grass seed. The grass competes
directly with the young bitterbrush plants (Hubbard, 1956). The course
to take is planting bitterbrush far enough away from the crested wheat-
grass to avoid competition between the two species. How far away?
This study showed that plants within two feet of crested wheatgrass had
more dead branches than more distant ones (Figure 3). Height and
diameter were not appreciably affected unless the plants were within
about a foot of the grass.

"i i

1 1 1 r

PLANT CONDITION
\6ead branches)

HEIGHT

DIAMETER

Distance to Crested Wheatgress (ft.)

FIGURE 3. The effect of proximity to crested wheatgrass on the condition and size of bitter-

brush plants.
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This means that we should plant bitterbrush and crested wheatgrass at

least two feet apart. This rules out planting grass and bitterbrush from
alternate drill rows. Probably the best approach, where both grass and
bitterbrush are desired, is to plant a drill width of bitterbrush, skip two
or three feet and plant a drill width of grass. This also has the advan-
tages of creating more "edge" and making the brush stand less sus-

ceptible to wildfire.

The other independent variables measured in this study were the

distances to a plowed edge and to a weeded edge. This measurement has
little practical meaning since it is not economically feasible to cultivate

seeded bitterbrush. But the weeded edge did influence the growth of

the bitterbrush in this stand so we assessed its importance. Plants

within two to three feet of the weeded strip had fewer dead branches

and were both taller and wider (Figure 4) than others. The reason,

of course, was that roots of these plants reached the plowed ground
where there was an abundance of ground water and no competitive

plants. Let us re-emphasize that bitterbrush grew well with a minimum
of mortality in competition with annual weeds where the average

distance to the nearest 10 plants was more than six feet.

. 1 1
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die until, eventually, the stocking is in balance with the site. But all

this takes time—important time. The longer it takes, the more chance
undesirable plants have to invade and enter the fight for critical mois-

ture. Also, it means a longer time before plants become large enough
to produce useful amounts of herbage. Every year of delay means a
grazing loss. Furthermore, even the potentially dominant plants may
be so reduced in vigor that they are easily damaged by grazing, insects,

or disease.

Between overstocking and understocking with bitterbrush, slight

understocking is preferable. Then the plants will be vigorous, will

mature rapidly, and will produce herbage earlier. The crux of the

problem is to set the minimum below winch a seeding is a failure—the

point where the value of herbage produced is not enough to offset the

cost of establishment. This isn't an easy point to determine because (1)

bitterbrush seedings are mainly for game use, and dollar values are

not available for this type of grazing; (2) it is difficult to determine
herbage production.

Natural bitterbrush stocking is considerably below the 2,200 plants

per acre we recommend. In a study of natural bitterbrush stands in

northern California, E. C. Nord (personal communication) found 778
plants per acre on the average and a maximum stocking of 1,420 plants.

Even this maximum may be too few for artificially seeded areas.
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NOTE
AN UNUSUAL CATCH OF A LARGE NUMBER OF PACIFIC ROUND

HERRING OFF LONG BEACH, CALIFORNIA

On November 9, 1961 the purse seiner FranJcie Boy from San Pedro
caught approximately two tons of Pacific round herring (Etrumens
accuminatus Gilbert) in a mixed school comprising eight tons of Pacific

jack mackerel and Pacific mackerel. The catch was made on the Horse-
shoe Kelp off Long Beach, California at approximately Lat. 33° 39' N.
Long. 118° 10' W. I can find only four previous records for round her-

ring from California waters and these were, for the most part, single fish.

A figure of a Pacific round herring appears in Roedel (1953) who
gives their range as Monterey Bay to Panama and states

'

' recorded but
once from north of the Los Angeles area.

'

'

Phillips (1951) reported on a 253 mm long round herring taken
65 miles south of Monterey Bay on December 16, 1950.

Frederick H. Berry of the U. S. Fish and Wildlife Service, Scripps

Institution of Oceanography states, by personal communication, that

there are three round herring from California in the collection at

Scripps Institution of Oceanography, La Jolla. Two were taken off

San Diego in mid-June 1947, and measured 258 and 260 mm standard
length, the third was taken outside Santa Catalina Island, on August 2,

1953, by purse seine in a load of "mackerel." It measured 267 mm s.l.

A fourth round herring from California was taken in Los Angeles
harbor in September 1958 (Radovich, 1961).

Sexes, total lengths (in millimeters) and weights (in grams) of six

fish taken at random from the two-ton load delivered by the Frankie
Boy are

:

Sex Length Weight

F. 290 223
F. 290 209
M. 271 176

F. 268 170
M. 266 159
M. 247 129

Mr. Walter Winter, Coast Fisheries Division of the Quaker Oats
Company of Wilmington called me about this unusual catch.
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A RANGE EXTENSION FOR THE MEXICAN SCAD TO
MONTEREY BAY, CALIFORNIA

Ob July 17, 1961, Chris Arcoleo, of Chris' Pishing Trips, noticed

two fish thai lie thought were the opelu with which he had been familiar

in the Marshall and Hawaiian Islands. Since, to bis knowledge, the
species had nol previously been known from California, he secured one
of them and presented it to the Hopkins Marine Station. H proved no1

to be the Hawaiian Decapterus pinnulatvs (Eydoux and Souleyet) but
the closely related Mexican scad, D. hypodus (Jill, previously reported
only as far north as Santa Catalina Island and Los Angeles Harbor
Radovich, 1961). While it was not possible to determine the exact

location of capture, the specimen was taken July 15, 1961 in the imme-
diate Monterey area in a perch gillnet, indicating an inshore position

in comparatively shallow water.

In May 1937, Mr. J. Al. Rainey, collector for the Steinharl Aquarium,
California Academy of Sciences, captured a small fish in Monterey
Bay and kept it in the aquarium until February 1938 when it died.

Although it was somewhat abnormal in appearance, Clark and Halstead,

1938, reported it as D. scombrinus (Valenciennes) failing, however, to

include any meristic data. Its identity remains uncertain (Roedel and
Pitch, 1952), but judging from previously known range limits it was
probably an aberrant D. hypodus. In 1958, 1959 and 1960 fair numbers
of Mexican scad were taken north of their previously known range
limit of San Clemente Island as reported by Roedel and Fitch; how-
ever the Monterey Bay specimens were approximately 300 miles north
of the Los Angeles area, and this is the firsl time this species has
definitely been reported north of Point Conception, a well known
faunal limit.

The Monterey individual that was saved (its quite nicely within the

meristic limits given for the species by Roedel and Pitch and I have
no doubt that it is conspeeific with their material so morphometric data
will not be given here. Its color pattern before preservation was as

follows: the body was dark greenish-blue dorsally, gradually lightening

to a line about midway down the sides, and then Mending into the

silvery-white that covered the entire ventral surface except for the

isthmus, which was dark gray; there was a small black shoulder spol

on the posterior margin of each operculum slightly above the pectoral

base; beginning at this spot a greenish-yellow stripe ran posteriorly to

the caudal and the upper lobe of this fin was tinged with the same color.

The pectoral fin was bluish with the axillary side of its base black.

Spines and rays of the dorsals were greenish-blue with opaque con-

necting membranes. The ventrals and the anal fin were of the same
silvery-white as ihe rest of the lower part of the body.

It has been placed in the Stanford University collection as specimen
number 58626.
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REVIEW
Animal Behaviour

By J. L. Cloudsley-Thompson, The Macmillan Company, New York, 1963 ; xiii

+ 1G2 pp., illus. black and white photographs and 16 color plates, !>4.."i0.

This book is a potpourri of isolated fragments drawn from the

immense technical Literature on animal behavior to illustrate various

phases of the subject. The style is pleasant and readable, with photo-

graphs and many pen-and-ink drawings adding interest. General readers

and beginning biology students should find it profitable.

—

Alex Cal-

houn, California Department of Fish and Game.

The Natural History of the Lewis and Clark Expedition

Edited by Raymond Darwin Burroughs; Michigan State University Press, East
Lansing, 1961, 340 pp. $7.50.

This unusual book begins with a 50-page introduction summarizing
the course of the Lewis and Clark expedition. A series of scholarly chap-
ters follows. Each chapter covers a group of animals; and each consists

of dated excerpts from Thwaites' Original Journals of the Lewis and
Clark Expedition, arranged chronologically by species, and interspersed

with Burroughs' comments and interpretations. For example, the chap-
ters on mammals start with "Bears and Raccoons" and conclude with

"Mountain Goats and Bighorn Sheep." There is a similar series on
birds, and one each on "Fishes," "Reptiles and Amphibia" and
'

' Quantity and Distribution of Game Killed.
'

' Inclusion of 190
'

' Indian
Dogs" in a list of game killed by the expedition illustrates the diversity

of the menu on this memorable trip.

This book will be a convenient source of material for mammalogists
and ornithologists seeking detailed and complete records of the natural
history of the expedition.

—

Alex Calhoun, California Department of

Fish and Game.
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